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Abstract 
 The manipulation of locked intrinsic localized modes/discrete breathers is studied 
experimentally in nonlinear electric transmission line arrays. Introducing a static lattice impurity 
in the form of a capacitor, resistor or inductor has been used both to seed or destroy and attract or 
repel these localized excitations. In a nonlinear di-element array counter propagating short 
electrical pulses traveling in the acoustic branch are used to generate a stationary intrinsic 
localized mode in the optic branch at any particular lattice site. By changing the pulse polarity 
the same localized excitation can be eliminated demonstrating that the dynamical impurity 
associated with the propagating electrical pulse in the acoustic branch can trigger optical 
localized mode behavior. 
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Introduction 
 A variety of experiments on nonlinear macroscopic lattices have demonstrated[1-9] that 
dynamical energy localization appears because of the discreteness-nonlinearity 
combination[10-13]. Given the normal mode frequencies of the MEMS array, in the few 100 
KHz range, a variety of time average image measurements have been reported for 1-D arrays. 
Studies of such intrinsic localized modes[14] (ILMs) have ranged from the breakup of a large 
amplitude uniform vibrational mode via a modulational instability into localized energy states; to 
their motion, locking to the driver, repulsion and decay[8]; to manipulation of ILMs by means of 
their attraction and repulsion to impurity modes produced by local laser heating[15,16]. So far 
such manipulation of localized dynamical energy has only been demonstrated for the 
micromechanical system.  
 Experimental observation of soliton-like propagation along nonlinear electrical 
transmission lines has a much longer history starting with the recurrence phenomena first 
observed in 1970[17] and elastic collisions between solitons observed a few years later[18]. The 
extensive theoretical and experimental work in this area focuses on the continuum-like soliton 
properties of nonlinear transmission lines[19-26]. Over the last decade two experimental studies 
have examined strongly localized excitations that require the discreteness of the nonlinear 
transmission line. Both propagating localized energy[3,27] and slowly traveling ILMs[9], 
induced via a modulational instability, have been reported. 
 Presented here is an experimental study focusing on the manipulation of ILMs in 
discrete nonlinear electrical transmission lines. First, a method for producing a stationary ILM by 
impurity seeding is demonstrated then this localized excitation is manipulated in a variety of 
ways in a fashion remarkably similar to that described in an earlier micromechanical study[15]. 
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In the second part of this work a di-element transmission line is used to examine how 
propagating pulses in the acoustic spectrum can influence ILMs in the optic branch. Both 
production and destruction of ILMs are presented. It is concluded that with regard to an ILM in 
the optic branch the propagating electrical pulses in the acoustic branch act like dynamical lattice 
impurities.  
 
Experimental design 
 A diode is used as the nonlinear element for the transmission line shown in Fig. 1(a). 
Because of the small nonlinearity in a variable capacitor diode the bandwidth of the plane wave 
transmission line spectrum should be narrow to support well-defined ILMs. This can be 
accomplished either by using a large inductor as a coupling element between cells[9,22] or with 
a small inductor-capacitor pair used here in Fig. 1(a) [28]. Forward bias is used to maximize the 
nonlinearity of the diodes since the capacitance of the forward biased state (diffusion 
capacitance) is larger than the reverse biased one, if the diode speed (recombination lifetime of 
the injected carriers) is comparable to the oscillation period[29,30]. The voltage dependence of 
the diffusion capacitance is ( ) )/exp(1 φVCVC = , where  is the zero voltage capacitance and 1C
φ  is a constant. Integrating the stored charge  Q = Q0 exp V /φ( )−1[ ] with respect to voltage, 
where   Q0 = C1φ , gives for lattice site n:  Vn = φ log Qn / Q0 +1( ). Writing the equation of motion for 
a unit cell in terms of charge, expanding  ln Qn / Q0 +1( ) up to cubic order, and using the rotating 
wave approximation to simplify some higher order coefficients[31] gives 
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where   ω12 = 1 L1C1  and   ω22 = 1 L2C2 . The equation contains both onsite and intersite nonlinearity, 
with the last term the driver. Soft nonlinearity has been observed for a one-unit cell circuit 
demonstrating that the nonlinear component involving the quadratic charge terms are more 
important than the cubic terms. In addition for the parameters in Fig. 1(a) 
( )( )2221221 driverCC ωωω −−>− , i.e., the onsite quadratic term is ~ 3 larger than the intersite one 
at the experimental conditions. 
 The basic resonator unit cell with driver, illustrated in Fig. 1(a), is composed of a diode 
and a coil   L1 = 300μH . Among the several diodes we have tested, the variable capacitor diode 
(1SV100, ) had the largest nonlinearity. Sixteen unit cells are coupled into a ring 
shape via inductor  
pFC 8801 =
L2 = 600μH and capacitor  C2 = 200 pF . To excite the zone center mode all unit 
cells are driven uniformly by using the AC voltage source coupled via . The corresponding 
small amplitude plane wave dispersion curve is given by 
 Cd
 
  
ω2 = ω1
2 + 2ω212 1− coska( )
1+ Cd C1 + 2C2 C1 1− coska( ) (2) 
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where   ω212 = 1 L2C1  with    the small coupling capacitor (Cd  Cd C1 ≈ 0.04), ignored in Eq. 1. An 
important function of  is to decrease the spectral bandwidth[28]. The Eq. 2 dispersion curve 
is illustrated in Fig. 1(b), with the locking driver frequency represented by the dashed line.  
  C2
 To test the interaction between an ILM and a static defect, an impurity device and an 
analog switch (SW) are inserted as indicated by the box in Fig. 1(a). The switch turns the 
impurity on and off. The impurity is a capacitor, inductor, or resistor. The corresponding function 
at the particular site is to decrease the resonance frequency, increase the resonance frequency, or 
reduce the amplitude, respectively.  
 
ILM manipulation using impurities 
 Figure 2 presents a number of experimental results, illustrating the possible static 
management pathways for such ILMs. The driving frequency and voltage are fixed at 270kHz 
and 2 V. The analog SW is turned on and off in a specific time interval as illustrated by the 
waveform shown in panel (a). The panels (b)-(h) identify the lattice site vs. time plots. An arrow 
denotes the impurity location for that experiment. The absolute voltage of each resonator node is 
represented by the gray scale (darker = larger amplitude). The results are as follows: 
(b) Seeding of the ILM by a 100 pF capacitor. One ILM (dark horizontal line) remains after 
turning the impurity on and off. In this seeding process the oscillator keeps driving the array at a 
frequency slightly lower than the k=0 plane wave mode (before the ILM is generated). The low 
frequency impurity mode created during the ON state resonates with and is excited by the driver. 
When the SW is turned off, the impurity mode is replaced by the ILM, whose large amplitude 
supports the self-trapped excitation at that driving frequency.  
(c) Attractive interaction by 45 pF capacitor. The ILM jumps to the impurity site when the SW is 
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turned on, and remains there after SW is turned off. The capacitance is smaller than for case (a) 
so an impurity mode is created closer to the bottom of the dispersion curve, and doesn't resonate 
to the driver. If one were to start from the no ILM state an ILM would not be seeded; however, 
with an ILM already present on the same side of the plane wave spectrum as the impurity mode 
attraction results[15].  
(d) Destruction of an ILM by a resistor (100 Ω). The resistance is placed at the ILM site. It erases 
the ILM by reducing its amplitude.  
(e) Repulsion of the ILM by an inductor (330μH). The inductance is placed at a neighboring 
lattice site and the then ILM hops away from that site. The impurity produces a high frequency 
impurity mode above the plane wave spectrum.  Since the ILM is still below the plane wave 
spectrum repulsion occurs[15].  
(f) Destruction of the ILM by an inductor (330μH). The inductance is places at the ILM site. The 
nonlinearity cannot cover the large frequency difference between the high frequency impurity 
mode and the low frequency ILM mode. 
 We have checked that an ILM can be moved to any point by successive application of 
the attraction interaction shown in Fig. 2(c). Since the unit cell and coupling inductors are not 
exactly identical from cell to cell, there is a finite residual impurity effect; however, because of 
the transfer of the ILM to any lattice point, it can be concluded that the nonlinear effect 
associated with maintaining the ILM at any lattice site is larger than any residual lattice 
inhomogeneity. 
 The seeding, attraction, and repulsion effects shown in Fig. 2(b), (c) and (e) have 
already been demonstrated in MEMS simulations, and by experiments[16]. Destruction of an 
ILM by a resistor or an inductor [shown in Fig. 2(d) and (f)] are new phenomena. Controlling an 
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ILM in a nonlinear electric transmission lines has more options than with the MEMS cantilever 
array, where only a low frequency impurity mode could be produced.  
 
Control of ILMs with acoustic-like pulses 
 A DC bias voltage can be applied to the diodes by inserting another 
capacitance  C3 = 0.022μF  as shown in Fig. 3(a) in series with . This produces a new voltage 
node between  and   , in addition to the original node at the diode, so the number of degree 
of freedom in the unit cell is now two. This circuit can be separated into two circuits as shown in 
Fig. 3(b). At low frequencies, the impedances of  and  are large, and can be ignored. At 
high frequencies, the impedance of  is small, and can be treated as short. The circuit for high 
frequencies shown in the upper part of this figure is the same as for the circuit shown in Fig. 1(a), 
and can be used to generate ILMs. The circuit for low frequencies (lower part) can be used for 
acoustic pulse propagation. The resulting two branches in the dispersion map are shown in Fig. 
3(c). (The low-frequency circuit is similar to the one used to examine discreteness effects on the 
propagation of nonlinear waves[22,27]). With the addition of a positive DC bias voltage, either 
positive or negative pulses can be transmitted. To reduce pulse reflections, a terminating 
resistance R is inserted, as shown in Fig. 3(a). For the experiments described here a second pulse 
generator and resistor are connected at the opposite end.  
 L1
  L1 C3
 C2  C3
 C3
 With this experimental arrangement the interaction between ILMs in the upper branch 
and pulses propagating in the lower branch have been studied. When a single pulse of sufficient 
negative amplitude is sent through the transmission line a number of locked ILMs can be 
generated. A corresponding positive pulse can eliminate these same ILMs. Of interest here is the 
effect produced by colliding pulses when neither one by itself has sufficient amplitude to 
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produce an ILM. 
 Figure 4 shows experimental results for ILMs associated with colliding negative or 
positive pulses injected from both edges of the lattice. Such pulses collide at some point in the 
lattice, and this intersection point can be adjusted by changing one injection time relative to the 
other. Figures 4(a) and (b) show the generation of a locked ILM at different lattice sites by two 
negative pulses, while Figs. 4(c) and 4(d) illustrate that ILM destruction can be produced by 
positive pulses when they intersect at the ILM lattice site. In both kinds of experiments, an 
individual pulse height isn't large enough by itself to produce the observed effect.  
 To understand these processes note that the acoustic pulse voltage changes slowly as a 
function of time compared to the ILM; hence, it modulates the capacitance locally, as would a 
static impurity mode. As an example, when the DC voltage of a cell is changed from 0 to 1 to 2V, 
 decreases from 880, to 550 to 370 pF, respectively. For a 1 V bias with  the 
regular plane wave band would extend from 380 to 430 kHz. In this case an 880 pF defect would 
make a localized gap mode at 340 kHz (a 370 pF defect, a localized mode at 460 kHz). Thus a 
propagating impurity mode moves with the electric pulse so that negative and positive voltage 
pulses form low and high frequency running impurity modes, respectively. The ILM appears 
when two counter-propagating negative pulses coexist in space, with the frequency of the 
concomitant impurity mode close enough to the ILM locking frequency to generate the ILM.  
Conversely, with positive voltage pulses the high frequency of the impurity mode is far removed 
from the locking frequency and thus destroys the ILM. Such ON/OFF ILM effects are similar to 
those demonstrated in Fig. 2 but now ILM management is achieved externally. Recently an 
interaction between acoustic plane wave and ILMs has been studied via simulations[32].  
  C1   C1 = 550 pF
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Summary 
 We have shown that ILMs can be generated and manipulated by local impurity 
switching in nonlinear discrete electrical transmission lines. Managing ILMs from outside of the 
lattice with acoustic pulses has also been experimentally demonstrated for the first time. Such 
manipulation of an electrical ILM in these nonlinear transmission lines indicates that similar 
properties may be expected for a monolithic integrated circuit[20], a sonic Helmholtz array[33] 
or a line of nanoelectronic resonators[34]. Since there is no fundamental difference between 
voltage waves in our nonlinear networks and electromagnetic waves in nonlinear layered 
structures[35,36] or in nonlinear photonic crystals[37,38] there should be many 
theoretical/experimental analogues to the processing of such localized energy.  
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Figure captions 
Fig. 1 (a) Electrical transmission line for controlling ILMs by impurity switching. 
Diode(1SV100) is used for the nonlinear element. Each unit cell is composed of a diode and 
inductor  for the resonating elements, and  and  for the coupling elements. In the 
circular device the unit cells are uniformly driven by an AC oscillator via the small coupling 
capacitor . To introduce a defect into the lattice, an impurity device, indicated by the 
rectangle, is switched ON and OFF at a particular site. 
  L1  L2  C2
  dC
(b) Small amplitude plane wave dispersion curve of the circuit shown in panel (a). The dotted 
line identifies the driver frequency of the locked ILM.  
 
Fig. 2. Demonstration of ILM management by the introduction of different defects. Control wave 
of the SW is shown in panel (a). In panels (b)-(f) the amplitudes are represented by the gray scale. 
The impurity location in the lattice is represented by arrows on the left side. (b) Seeding of the 
ILM by 100 pF capacitor. (c) Attraction by a 45 pF capacitor. (d) Destruction by 100  resistor. 
(e) Repulsion by 330 
Ω
Hμ inductor. (f) Destruction by 330 Hμ inductor. The amplitude of the 
ILM is about 4.2 V, while the background in the rest of the array is 2.3 V. 
 
Fig. 3(a) Circuit diagram for acoustic pulse control of optical ILMs. A second degree of freedom 
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for the unit cell is provided by adding .   3
  3
C
(b) Equivalent circuit for the pulse control experiment. Upper network is for the optical ILMs at 
higher frequencies, and the lower network is for the acoustic pulse at lower frequencies. Diodes 
are indicated as variable capacitors. At each point, the capacitance is shared by two networks. 
The upper branch is almost the same as the branch shown in Fig. 1(a), and can be used for 
generating ILMs. The presence of  permits a DC bias (0.5~1V) and the possibility of either 
positive or negative pulse propagation. A terminating resistor R and pulse generator is attached to 
each end of the array. 
C
(c) The two branches of the plane wave dispersion curve of the circuit shown in panel (a). Dotted 
line identifies the driver frequency.  
 
Fig. 4.  Optical ILM control by acoustic pulses. The AC driver at the ILM frequency is kept ON. 
Voltage amplitudes relative to the DC bias are displayed.  Panels (a) and (b) show ILM 
generation at the intersection of negative pulses which are injected at the edges. The ILM 
generation lattice site is controlled by the relative delay time between pulses. Dark slanting lines 
are traces of the negative pulses, horizontal line, the ILM. Panels (c) and (d) show the destruction 
effect of two positive colliding pulses. In panel (c), the pulse intersection is not at the ILM lattice 
site and it survives. Panel (d) shows that when two positive pulses collide at the ILM position, it 
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is destroyed. Experimental input conditions: 1.2V amplitude for the 324 kHz ILM driver, 1V DC 
bias, -2V, 3.5 sμ  for negative pulses, and +2.6V, 2 sμ  for positive pulses. The transmitting 
pulse widths of the system shown in the figure are about15μs .  
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